Abstract.-The enzymes that methylate tRNA were studied during the life cycle of the colonizing slime mold, Dictyostelium discoideum. Total and base specific tRNA methylase activities were determined in extracts from cells in morphogenetic synchrony. Eight hours after enforced aggregation, the total methylase capacity is reduced by about 40 per cent. The diminution appears to be due to the presence of inhibitors that do not inhibit the base specific enzymes to the same extent. There is a still greater diminution in enzyme activity in extracts of the mature fruiting bodies.
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The number and distribution of the methyl groups in the tRNA's of different species of organisms are highly varied. The source of this unexpected variation became clear after the discovery of the tRNA methylases. The enzymes that introduce the methyl groups into the preformed macromolecule have pronounced and apparently invariable species specificity.
For example, while thymine is prominent among the methylated bases in tRNA's of yeast and bacteria, it is all but absent from the tRNA of mammals. The uracil tRNA methylase capacities extracted from E. coli and mammalian cells, of course, mirror these differences.
The species specificity of the tRNA methylases prompted the suggestions that the methylating enzymes are possibly evolutionary addenda to the more primitive apparatus of nucleic acid synthesis and that the methylations of tRNA may serve some role in control and differentiation processes. by which time the bacterial associate had been devoured and the myxamoebae had entered the stationary growth phase.
Amoebae were harvested prior to aggregation in cold salt solution containing 0.06% NaCl, 0.075% KCl, and 0.03% CaCl2 and were washed by differential centrifugation (5 min at 600 X g) to remove contaminating bacteria; the cells were resuspended at a concentration of 4 X 108 cells/ml. A check of the viable count at this stage showed that the amoebae were contaminated with approximately 2 X 105 bacteria. The complete removal of the bacteria is not crucial if only capacities are determined, because the tRNA methylase capacity of the enzymes from amoebae is about 60% higher than those of the bacteria. However, the presence of significant numbers of residual bacteria can vitiate a study of base-specific enzymes. Uracil tRNA methylase is high among the enzyme capacities of Aerobacter aerogenes, but its activity is marginal in extracts of amoebae in which the capacity to methylate guanine predominates. (It is interesting that in the pattern of tRNA methylase capacity the amoebae simulate the pattern of enzymes extracted from animals. This is molecular confirmation of the appropriateness of the taxonomic classification of amoebae.)
Washed cells were dispersed in 0.5-ml aliquots on Millipore discs (HAWP 04700) resting on absorbent nutrient pads in 60-mm plastic Petri dishes saturated with 1.8 ml of a salt solution containing 0.05% MgC2, 0.15% KCl, and 0.05% streptomycin sulfate dissolved in 0.04 M phosphate buffer pH 6.2 and incubated at 22°in the dark. Under these conditions, morphogenetic synchrony was excellent, and the fruiting sequence was complete in 24 hr.
Cells were harvested at various stages of the development sequence; after a brief washing, they were exposed for 5 min to sonic vibration in 10-kc Raytheon apparatus or ground with alumina to extract the cell components prior to centrifugation at 105,000 g for 1 hr. Aliquots of the supernatant were taken for protein determination and as a source of tRNA methylase enzymes.
The methylase activity of the extracts was assayed by measuring the incorporation of 14C-methyl groups from S-adenosylmethionine into methyl-deficient E. coli tRNA.
The reaction mixture eontained tris-HCl buffer pH 8.2 (25 ,uM), MgCl2 (10 JIM), mercaptoethanol (10 ,uM), methyl-deficient E. coli RNA (0.1 mg), 0.4 ,c S-adenosyl-z-methionine-(14C methyl) (specific activity: 33 mC/mM), and varying aliquots of the cell free supernatant in a total volume of 1 ml. After 30 min at 370, the reaction was terminated and RNA precipitated together with protein by addition of ice-cold TCA to 5%. The precipitates were washed five times with further aliquots of 5% TCA, dissolved in 0.2 M ammonium hydroxide, and plated for radioactive assay in a low-background gas flow counter. A control incubation mixture without methyl-deficient tRNA was included with each enzyme concentration to evaluate a blank. For the determination of the methylated bases, the tRNA from batch methylations of 0.5 mg was subjected to the analytical procedure of Hall.3 The methylated base nucleosides were identified by cochromatography with authentic samples.
Results arnd Discussion.-The saturation curves of tRNA methylaases from PROC. N. A. S. various stages in the life cycle of Dictyostelium discoideum are presented in Figure 1 . For ease of correlation between the different morphological specimens and enzyme capacity at saturation level, see Figure 2 .
It should be emphasized that the saturation curve of enzymes is an invariable constant from organisms that show no gross differentiation during their life cycle. For example, the data (plotted in Figure 3) disease.7 The nature of the putative inhibitor in the differentiating phase of the slime mold and the pattern of the in vivo methylations of the tRNA's remain to be investigated. Analysis of the products of the enzymatic methylations revealed N2 dimethyl and N2 monomethyl guanine in a ratio of 6:1 as the major products yielded by extracts of the amoebae. After eight hours of aggregation, the isolated enzymes contained the same methylase capacities in a ratio of 3:1.
In extracts of the mature fruiting body, the ratio of the two enzyme capacities returned to that found in the free amoebae. The N2 monomethylase and N2 dimethylases are known to be two distinct enzymes in E. coli and in yeast. In the former case the evidence rests on the separation of the two enzyme activities;8 in the latter case the evidence is genetic.9 Therefore, it is reasonable to assume that two distinct enzymes exist in the amoebae as well and that the dimethylase capacity is reduced more extensively than the monomethylase. Whether the altered capacity of the methylases is the result of the synthesis of new enzymes or of the inhibition of previously existing ones remains to be determined. Alterations in the tRNA methylases in different phases in the life cycles of the slime mold is but one example of such a change in biological systems undergoing major shifts in regulatory processes. The The alterations in the tRNA methylases-which in turn must affect the structure of the tRNA's-in so many biological systems undergoing shifts in regulatory processes lend increasing credence to a hypothesis of involvement of the tRNA methylases in some regulatory function.
However, it is extremely difficult to integrate these observed changes within the framework of the concepts of molecular biology currently accepted. Hypomethylation of tRNA is known to affect three of its capacities: recognition by activating enzymes from a heterologous source,20 the rate of amino acid acceptance from homologous activating enzymes,2' and response to specific codons. 22 What other functions of tRNA may be affected by altered methylation is unknown.
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